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By John P. Campbell and Thomas A. Ho 1 I ingw o r t h 

SUMMARY 



The effects on stability and control of a pusher pro- 
peller behind conventional horizontal and vertical tail 
surfaces have been determined in the SfAOA free-flight tun- 
nel by tests of a l/lO~scale model of an ITACA submerged- 
engine pusher airplane design. The investigation consisted 
of flight and balance tests at win&milling and hi gh~pover 
conditions witb a partial-span Zap extensible flap extended 
and retracted. The effects of changes in vertical-tail area, 
hor i z out al- t ai 1 incidence, and center-of- gravity location were 
also determined. 

The tests showed that, with a pusher propeller located 
behind the tail surfaces, power caused only minor changes in 
stability and control. The w indmill ing propeller provided 
slight increases in longitudinal and directional stability. 
Application of power only slightly affected the longitudinal 
stability, increased the directional stability, and necesssi- 
tated a small amount of aileron trim. The dihedral effect, 
stalling behavior, and rudder trim were not affected by 
p o w e r . 

This particular pusher design with the propeller behind 
the tail surfaces is considered very promising as a *neans of 
eliminating the undesirable slipstream effects of tractor 
propellers. 

IHTRODUCTIOU 



The trend toward more powerful engines in single-engine 
military airplanes has caused the pr ope 1 1 er - s 1 ips t r earn effects 
on stability and control to become increasingly important. 
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Because those -slipstream effects are, on the whole con- 
sidered undesirable, means are "being sought to eliminate 
them. One apparent solution to the problem is the use of 
pusher propellers. Various designs to permit the use of 
pusher propellers have been proposed, such as the tail- 
less and tailfirst airplanes. The UACA has recently sug- 
gested a submerged-engine pusher design with the propeller 
directly behind conventional horizontal and vertical tail 
surfaces. A 1/10-scale powered model of this design has 
been tested in the ifACA • t ree-fl ight tunn.el tc determine 
the effect of such a propeller arrangement on stability 
and control characteristics. During the investigation, 
a special effort was also made to observe any changes 
in stability and control that might have been caused by 
the short tail length inherent in the design. 

APPARATUS AND K3TH0D3 
Hfind Tunnel 



The investigation was carried out in the iJACA free- 
flight tunnel described in reference 1. Photographs of the 
test section of the tunnel show models being tested in flight 
in figure 1 and on the balance in figure 2. 

In the flight tests, the model flies freely in the tun- 
nel under the remote control of a pilot seated at the bottom 
ana roar of the tunnel. An operator at the side of the tun- 
nel adjusts the airspeed, tunnel angle, and power to the 
motor in the model to correspond to the desired flight con- 
ditions. After the lateral and longitudinal trim of the 
model hrs been adjusted for the pir ticular conditions, the 
stability of the model in uncontrolled flight is observed 
and the effectiveness of the controls is determined. In 
order to supplement the pilot's observations, moving-picture 
records of flights are taken by three cameras mounted at the 
top, side 9 and rear of the tunnel. 

The balance tests were run on the free-flight tunnel 
six-component balance. The balance rotates with the model 
in yaw so that all forces and moments are measured vith 
respect to the stability axes. 
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Model 

The 1/lG-scale model of the KACA submerged- engine 
q pusher airplane design used in the tests w?.o constructed 

c\J and prepared for the testing by the HACA. A three-view 

"I drawing of the model is presented as figure 3 and photo- 

graphs of the model are shown in figures 4 and 5. The 
dimensional characteristics of the airplane as scaled up 
from the model values are gi'ven in table I. 

In addition to the vertical tails specified for the 
airplane (tails 1 and 3 of fig, 3), a larger vertical tail 
(tail 3) was installed on the model for some of the tests. 
Only the upper vertical tail wag provided with a movable 
rudder. 

A simple wire landing ^ear v as installed o-i the model 
as shown in figure 3 to provide sufficient ground angle for 
take-off and to absorb shock In landings* 

The weight of the nodel after final preparation and 
balancing WaS about 5.80 pounds, which corresponded to 
5800 pounds for the airplane. The center of gravity of 
the model wap adjusted to 24.2 percent of the mean aero- 
dynamic chord. The moments of inertia of the model corre- 
sponded to those of typical modern fiehter airplanes as in- 
dicated by the ratios of wing span to radii of gyration 
shOWH in table I. 

Electromagnets ^ere installed in the .nodel to provide 
abrupt deflections of the ailerons , rudder, and elevator. 
£he ailerons were deflected with an equal up-and-down move- 
ment vrryin^; from ±12° to ±18°. Rudder deflections varying 
from ±10° to ±30° were used in conjunction with the ailerons 
to provide proper control coordination. for longitudinal 
control abrupt elevator deflections of ±2° or ±3° were used. 

The model was powered by a direct-current, controllable- 
speed electric motor rated l/5 horsepower at 15,000 t'pm and 
feared with & ratio of 2.54:1 to a pusher propeller. The 
motor was placed forward of the king and was connected to 
the propeller by a 5/ 1 6- i nc h-d i are t or , hollow, aluminum 
drive shaft a.bout 18 inches io&g. 

An adjustable-pitch, two-blade, 11-inch wood propeller 
was used on the model. For all the power tests, the blade 
angle at 0.75 radius was set at ?A° in order to absorb full 
I>ower at maximum efficiency with the desired propeller speed 
of 6000 rpm. 
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3?est Co- L o ions 

The power characteristics or the model motor and gear 
box unit vera determined by Prony brake tests and the char- 
acteristics of the propeller with various amount s of pitch 
were ascertained at dynamic pressures of 0, 1,90, and 4.09 
pounds per square foot. These tests indicated that a blade 
angle of &4 at 0,76 radius would most norvrly satisfy tho 
required conditions, lor each of tho flight and balance 
tests tho power supplied to the modal was adjusted to tho 
desired condition by varying the input voltage* 

The flight tescs covered a range of airspeeds from 25 
to 50 miles pey hour, which corresponded to 80 to 160 miles 
per hour for the airplane represented. The power bras varied 
from windmill in,- to 0#235 brake horsepower, which was the 
maximum obtainable from the motor used in the model. The 
thrust developed in the flight tests was determined from the 
difference between the fiight^path angle, or tunnel angle, 
with power on and the an^le with propeller off at tho same 
lift coefficient. Ti: 3 hic-h-pover condition in the flight 
tests corresponded to about 5^0 brake horsepower for the 
airplane. 

Most of the "oalrnce tests were run a| a dynamic pres- 
sure of 4.09 pounds per square foot, which corresponds to a 
vol ocity of about 40 miles por hour under standard sea— level 
conditions and to a test Reynolds number of about ^09,000 
based on the mean chord of 0 . : I '" : foot. The hi^h-power tests 
were run gt a dynamic prossu ' . of 1.90 pounds per square foot 
in order to represent greater airplane horsepower and there- 
by extend the po^er Range of the tests, lor each balance test, 
tho power to the model was adjusted to correspond to 1100 brake 
horsepower for the airplane* Thi^ power adjustment was made 
by varying the voltage to give the proper values of thrust 
coefficient T Q at each lift coefficient. The desired thrust 
horsepower (and then the thru.it coefficient) for each lift 
coefficient fas computed by multiplying the rated airplane 
horsepower (1100 bhp) by a propeller efficiency corresponding 
to the particular lift coefficient. Propeller efficiencies 
of an airplane with a speed range similar to that of this 
air piano were used in making these computations* n he varia- 
tions of thrust coefficient, torque coefficient, and propeller 
efficiency with lift coefficient are shown in figure 6. 



SYMBOLS 

lift coefficient (L/q.s) 
drag coefficient (D/qS) 
lateral-force coef f iciant ( Y/ q.S) 

/yawing moment \ 

yawing-moment coefficient ( ) 

V a^s / 

rolling-moment coefficient ( rolling moment' ) 

V qhS * 

pitching-moment coefficient ( V tchin^moment ] 



qc o 



lift f pound 5 
drag, pounds 
lateral force, pounds 

dynamic pressure, pounds per square foot (%pT m ) 
average chord, feet 
wing area, square feet 
v/ing span, feet 

rate of change of rolling-moment coefficient with 
sideslipi per radian 

rate of change of y a w i n g**m o m on t coefficient with 
side-slip, per radian 

angle of sideslip, radians 

angle Of yaw, degrees 

angle of attack of fuselage reference line, degree 



thrust coefficient 



V 3 D 8 J 
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t thrust , pounds 

p air density, slugs p 3 r cubic foot 

? airspeed, feet per second 

D propeller diameter, feet 



Q, torque coefficient ( -L~ 

\pV 8 D' 
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Q torque, pound-feet 

6 a rig&t aileron deflection, degrees 

5 0 elevator deflection with respect to stabilizer chord, 
degrees 

p rolling velocity, radians per second 
pb 



helix angle generated by wing tip in roll, radians 



i t a&gle of stabilizer setting, degrees 
t\ propeller efficiency 

Oi rate of change of rolling-moment coefficient with the 
P 

helix angle 

27 

TESTS A !\TD E3SULTS 



The stability and control characteristics of the model 
were investigated at the windmilling and high-power conditions 
and with the propeller removed. Tests were made with the 
partial-span Zap flap retracted and fully extended and with 
various combinations of the vertical tails shown in figure 3. 

A few preliminary tests were made to improve the longi- 
tudinal stability of the model with flaps down. During these 
tests the center of gravity was moved forward from 24.2 to 
12.7 percent of the mean aerodynamic chord and the horizontal- 
tail incidence was changed from -5° to 0°. Tuft tests were 
made to determine the stalling characteristics of the wing 
and horizontal tail. 
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Flig ht teata* - longitud Inal data obtained In the 

flight testa are preheat ad in figure ? in the form of 
elevator deflections required for trim at different lift 
coefficients. The curves of figure 7 show the effect of 
oj flap deflection and power on longitudinal trim. The ef- 

•y fectivenecs of the ailerons for lateral control was deter- 

m mined by noting the deflections required for good control 

in the tunnel flights and by measuring from moving-picture 
records the rolling velocities produced both in abrupt 
aileron aaneu/ers with rudder fixed and in the recoveries 
from these maneuvers. The values of pb/3V obtained in 
these tests are presented in table II. 

Palance tepts^ The results of the balance tests are 
given in figures 8 to 11. The curves of figure 8 show the 
effects of powai and flaps on the aerodynamic characteris- 
tics of the model. She longitudinal data from this figure 
are replottei in fijure 9 to snow more clearly the effects 
of power and flap deflection on longitudinal stability and 
tri-i, The changes in longitudinal stability caused by va- 
riation of hor i s on bal-t ail incidence and cent er-of -gravity 
location are shown in figure 10. The results of balance 
tests made to determine the elevator effectiveness are 
shown in figure 11, The lateral-stability characteristics 
of the model a. affected by power, flaps, and fin area are 
given in figures 12 and 13 in the form of rolling-moment , 
yaw i rig-moment , and let eral-f orce coefficients plotted 
against angle of yaw at a lift coefficient of 0.75. The 
slopes of the r olling-moment and yawing-moment curves of 
f'iglifsa 12 and 13 are shown in figure 14 on a plot of 

against Cno together with approximate boundaries for 

neutral spiral stability (I ~ 0) and for neutral oscilla- 
tory stability (P - 0) # The effectiveness of the lateral 
control a? determined by balance tests is shown in figure 
15 in the form of r oil in^-m oment and yawing-moment coeffi- 
cients plotted against right aileron deflection, 

Tu ft tests .- The results of tuft tests madu to deter- 
mine the s tailing characteristics of the wing and horizon- 
tal tail are presented in figure IS. 
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DISCtJSStOE 
Prel i in in a ry Tests 



Because of the short tail length of the model, the 
horizontal tail v as originally set at an angle of inci- 
dence of -5 C to avoid excessive tip- el era tor travel for 
trim with flaps down. With this tail incidence, deflec- 
tion Of the part 1 al~..;oan Zap flap caused the model to "be- 
come statically 1 ongi tu& inal ly unstable. Sustained, 
flights were impossible at any airspeed because of diver- 
gences in pitch that could j ot be controlled by elevator 
deflection* Moving the center of gravity forward from 
24.2 to 19.7 percent of the mean aerodynamic chord made 
the model longitudinally stable at lift coefficients above 
0.80 and good'f ght^ could be made without using elevator 
control. 4* iDVer lift coefficients , hov/ever, sustained 
flights could 55 male only by continually applying alter- 
nate up~and~dOwn . el av&tor deflect ions to prevent the model 
from diverging, Ab lift coefficients below 0.50, moreover, 
the stability was not sufficient to permit flights to "be 
ae.de even in thin manner, 

ihe character of this instability suggested a form of 
tail stalling, When the horizontal tail was set at -5°, 
the &own*ash at lev/ angles of attack was believed to be 
sufficient to cause the lower surface of the tail to stall* 
This beliWf was substantiated hr the behavior of the model 
on the floor before take-off. She model often assumed a 
negative *nglg of attack before taking off and from this 
rttitude she n o :. e couid not be brought up by elevator con- 
trol. Jfn Lhe4e cased the lower surface of the tail was 
evidently *t?lly stalled instead of i itermit tently stalled 
as it appeared to be in flight, 

ni. e buf t tebts made to determine the stalling charac- 
teristic- of t be wing and of the apper end lower surfaces 
of the hor\gont&l tail proved that tv. assumptions regard- 
ing tail ^veiling were correct, 5?he results of these tests, 
presented in figure 16, inr L'cate that Ihe lower surface of 
the tail wfeos almost completely stalled at an angle^of attack 
of -4° and that the outer portion was stalled at 0 . This 
tail stalling account a for the difficulty encountered in 
flights at lift coefficients below 0-30. The uustalled con- 
dition at angles of attack of 4° and 6° explains the im- 
proved longitudinal behavior of the model at higher lift 
coefficients. It is realized that the tall stalling of the 
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airplane would occur < •/ 1 much hi -her negative angles of 
attack of the tail and that the model test results cannot 
be used quant i tr t i vely "but psfy 'be taken only as an indica- 
tion of an unsatisfactory condition that would be encoun- 
tered "by the airplane if toe gr#at a negative tail inci- 
dence were used. 

Changing the horizontal-tail incidence to 0° elimi- 
nated the tail stalling (fig. 16) and made the rrodel lon- 
gitudinally stable with flaps down at all lift coefficients 
with the .34.2 percent c ent er-of-gravi ty location. The 
flight-test longitudinal- trim curves of figure 7 indicate 
that the stability was slightly less for the flaps-down 
condition than for the flaps-up condition. jo difficulty 
was experienced in making flights with flaps down, however, 
and the stability wac considered entirely adequate. 

The results of balance tests (figs, 8 and 10) show 
the changes in stability with flap deflection. In figure 
10, the unstable p i t ch ing~mo men t slop? for the flaps-down 
condition with the original tail incidence and center-ef- 
gravity position explains the inability to obtain flights 
at this condition. The manner in which the forward shift 
in cent etf**of-gravi ty position increased the stability is 
also shown in this figure. As indicated by the flight 
tests at this condition, the stability is positive at the 
high lift coefficients but only about neutral at lift coef- 
ficients below 0.80, The pronounced stabilizing effect 
caused by the change to 0° tail incidence is as evident in 
the results of balance tests (fig. 10) as in the flight 
t e s t s . 

Lo a g 1 1 ud i na 1 St ab 1 11 ty 

Increasing the power caused only a slight change in 
the static longitudinal stability for both the flaps-up 
and flaps-down conditions f as shown by the curves of fig- 
ures 7, 8, and 9, It appears from the longitudinal trim 
data obtained in the flight testa (fig. ?) that the static 
stability as indicated by the elevator deflections required 
to brim at dlffereaii lift coefficients was slightly in- 
creased by power with flaps up and very slightly decreased 
by power with flaps down. The balance test results pre- 
sented in figures 8 and 9 agree fairly well with the flight 
results in this respect and show even smaller changes in 
stability with power. The windrailling propeller appears 
to have provided a slight increase in longitudinal stabil- 
ity for all conditions. 



10 



Application of power caused opposite changes in longi- 
tudinal trim for the flaps-up and flaps-down conditions. 
The trim changes wore apparent in the flight tests when 
successive flights were made at the wlndmilliag and high** 
power conditions with a constant elevator setting. Appli- 
cation of poorer caused the trim airspeed to increase with 
flaps up and to decrease with flaps down. These trim 
changes are shown "by the curves of figures 7 and 9. 

The damping of the phugoid oscillation was satisfac- 
tory for all power conditions and appeared to "be slightly 
better at high power. 



Long i t ud inal Control 

The longitudinal control appeared to be good in all 
respects despite the short tail length of the model and 
the nearness of the propeller to the horizontal tail* 
Abrupt elevator deflections of only ±2° or ±3° were re- 
quired to correct for longitudinal disturbances and to 
maneuver the model in the tunnel as desired. Slightly 
greater elevator deflections have been required on most 
other models tested in the free-flight tunnel. 

The elevator- trim characteristics as indicated by the 
flight data in figure 7 appear to be very good. Trin for 
the high-speed condition to the stall was obtained without 
excessive elevator travel but a fairly large increase in 
elevator movement was required to produce the stall. These 
elevator character is tics are considered desirable* 

The balance-test results in figure 11 show that , with 

dC 

power on, the values of — S were about -0.01:5 with flaps 

dS c 

up and -0.015 with flaps down, These values divided by 

dC™ dC T 
£ for the corresponding conditions give values of k 

dC L *5 e 
of 0,084 with flaps up and 0.177 with flaps down. These 
dC T 

values of *», which are in fairly good agreement with 

d5 e 

the flight-test results, indicate adequate elevator effec- 
tiveness for the particular degrees of static stability 

/dC. 

f — t! ) afforded by the 24»3 percent cent er-of-gravity 



locat ion. 
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Stalling Characteristics 

The "behavior of the model at the stall was not notice- 
ably affected by power and was considered satisfactory at 
all conditions of flaps and power. 

With the flaps up, the behavior at the stall was not 
consistent. At times a definite warning of the stall was 
observed in the form of a slight pitching motion, but at 
other times the model would roll off to either side at the 
stall without warning. The stall was, however, gentle in 
all cases and caused no great difficulty. 

When the flaps were down, the stalling characteristics 
were excellent. Ample warning of the stall was afforded by 
a noticeable pitching motion, and the stall itself was evi- 
denced by a slow dro.uping of the model to the floor of the 
tunnel. Even with the stall sufficiently advanced to cause 
this gradual loss of altitude, the ailerons were still ef- 
fective in picking up a low wing. The results of the tuft 
tests shown in figure IS provide a plausible explanation 
for the jocd stalling behavior with flaps down. The stall 
diagrams indicate that the up'Our surface of the large par- 
tial-span Z&f fl^p and the portion of the wing ahead of it 
stall well before the ailerons. The apparent stalling of 
the horizontal tail at high angles of attack as indicated 
by the tuft testa was actually a form of tail buffeting 
and was probably responsible for the pitching motions that 
warned of the stall. 

La 1 83? al St ab 1 1 i t y 

Effect of Pow^r.- Power provided a noticeable increase 
in directional stability and a slight increase in dihedral 
effect. In the flight tests, these stability changes were 
evidenced by the smoother, steadier flights obtained with 
power on, When, luring a single continuous flight, the 
power was increased gradually from windmilling to high 
power, a definite steadying of the model, especially in 
yaw, could be observed. This effect of power, which was 
noted in flights with flaps either up or down, was consid- 
ered beneficial in improving the flight behavior of the 
model • 

The spiral stability, which was satisfactory with 
power off, did not appear to be affected by power. V/ith 
the flaps up and only the upper vertical tail on, power 
definitely imijroved the oscillatory stability and reduced 
the adverse yawing caused by the ailerons. 
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The balance- 1 es t resu. 4 : ■ in figures 12, 13, and 14 
substantiate the observat ions made in the flight tests in 
regard to the effect ot poorer o:i the lateral-stability 
characteristics of the model. The yawing-moment curves 
of figure 12 have greater slopes with power on and, in 
addition, the curves are straigntened out by pover at the 
higher anlos of yaw. This straightening out with power on 
su^-eots that the propeller was acting in such a manner as 
to delay tne stalling of the vertical tails. At the low 
angles of yaw $ however, the effoct of power in increasing 
the directional stability cannot be credited to the change 
in air flow over the tail surfaces because, as shown in 
figuro 13, most of the increase was obtained with the tails 
removed. Neither can the major portion of the increase in 
directional stability with power on be attributed to the 
propeller normal force. The balance tests with tails re- 
moved indicated a mach larger increase in lateral force in 
changing from the prope 11 er-of f to the windmilling condition 
than in e banging fl»03 the windmilling to the high-power con- 
dition. In this respect the- tests agree well with propeller 
theory. On the other hand, the increase in directional sta- 
bility (Cap) provided by the wiadmilling propeller was less 
than one-half as great as the C n g increase produced by the 

application of power. These results indicate that the inflow 
to the powered rusher propeller might have affected the air 
flow over the fuselage in such a way as to reduce its unstable 
yawing moment without appreciably changing its side force. 
It is interesting.; to note in figures 13 and 14 that, with 
all tails rejBOTed, pow^r provided enough fin effect to bal- 
ance the unstable moment of the w ing-and-f us e lage combina- 
tion and thereby make tho ^odel neutrally di rect ionally 
stable. 

The curves of figures 12 and 13 shew the slight increase 
in dihedral effect providjd by power. The increase appears 
to be substantially the same for flaps up or down and is 
almost negligible in either case. 

The summary of the balance results given in figure 14 
indicates the reasons for the flight-test observations re- 
garding the effects of power on spiral and oscillatory sta- 
bility. Inasmuch as power increases both C n *0i a i 

P P 

it causes a shift on the stability plot (0 to H or E to ]?) 
approximately parallel to the spiral-stability boundary and 
thereoy affects the spiral stability very little. The im- 
provement in oscillator;/" stability caused by power with flaps 
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up and only the upper vertical tr.il on is shown graph* 
ically in figure h4 uy the shift from condition D, near 
the oscill^tory-s tability boundary, to condition I, well 
away from that "boundary and apparently in 0 vory $ table 
region. 

In general, the effects of power on the lateral sta- 
bility of this model were considerably less than the ef- 
fects of power on the stability of conventional tractor 
models tested in the free-flight tunnel. Tha changes, 
moreover, were in no case detrimental and were in sone 
cases definitely beneficial to the flight behavior of the 
model. In this respect, this particular pusher design 
appears to be completely justified, 

Effect of flaps.- The results of balance tests ;:iven 
in figure 12 show that flap deflection caused a considerable 
reduction in dihedral effect as expected but did not affect 
the directional stability. It appears from figure 14 that 
this reduction in dihedral effect should have caused the 
model to become spirally unstable. 

An analysis of the pb/27 values in table II also 
reveals evidence of slight spiral instability with flaps 
down. For the flaps-down condition, the values of pb/27 
obtained during recoveries from abrupt aileron maneuvers 
were somewhat lower than the valu33 obtained during the 
maneuvers themselves. This reduced aileron effectiveness 
may be taken as an Indication af spiral instability, be- 
cause the aileron rolling velocity was evidently reinforced 
by an unstable rolling in abrupt maneuvers starting from a 
wing-level attitude and opposed by the same rolling during 
recoveries. Inasmuch as the variation of the pb/27' Tr alues 
with flaps up was the reverse of that with flaps down f the 
model is, by the same reasoning, judged to be spirally stable 
for the flaps -up condition* 

The spiral instability with flaps down was apparently 
very slight, as no definite indications of it could be noted 
in the uncontrolled-flight tests. At any rate, the condition 
was certainly not objectionable and the flight behavior of 
the model with flaps down was considered entirely satisfactory. 

In regard to the question of spiral stability, it should 
be pointed out that tests of several models in the free-flight 
tunnel have shown that slight spiral instability is not objec- 
tionable. The rates of spiral divergence with moderate fin- 
area and only slightly positive dihedral effect are usually 
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so small as to cause no difficulty in free-flight tunnel 
testr. The pronounced spiral instability usually caused 
by negative dihedral effect is, however , considered def- 
initely undes irable. 

Effect of vertica l-tail area,- In spite of the short 
tail length of the model, adequate directional stability 
was obtained with relatively snail vertical tails (tails 1 
and 2 of fig. 3). Jor all conditions of power and flaps, 
no objectionable adverse yawing was noted when ailerons 
alone were used for lateral Gontrol. The damping ox the 
lateral oscillations was also satisfactory. 

When the tail area was increased 60 percent by replacing 
the upper tail with a larger tail of the sa'ne aspect ratio 
(tail 3 of figfc* 3 and 4), only a slight improvement in the 
flying characteristics was noted. This improvement was not 
considered sufficient to justify the increase in area* 

When the tail area was decreased 50 percent by removing 
the lower tail, the model retained a small amount of direc- 
tional stability. In w indm i 1 1 in g-pow er flights with the 
flaps up and with the ailerons used alone for control, the 
small upper tail alone did not, however, provide enough fin 
effect to keep the adverse yawing from becoming excessive. 
When the propeller was removed sustained flights with the 
single tail T - r ere almost impossible because of the pronounced 
effects of adverse yawing. During a continued application 
of aileron cor.trol in flights with propeller off and rudder 
fixed, the model would at times yaw adversely to a large 
angle, roll against the ailerons, and drop to the floor. 
The stability at both the pr opellor-windmilling and propeller- 
off conditions was considered unsatisfactory with the single 
tail with flaps up, With the flaps do-'n or with power on, 
the flight behavior of the model with the single tail was 
much ir.proved and the adverse yawing was never great enough 
tc cause loss of aileron control. 

The balance test results in figures 13 and 14 show the 
increase in directional stability provided by the small ver- 
tical tails. Together the tails increased C n ^ by about 

p 

0.075. which resulted in a Cng value of about 0.055 for 
the complete airplane with power off. 

Lateral Control 



The lateral control of the model was not noticeably 
affected by power, exempt that a slight amount of aileron 
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trim v/as required to balance propeller torque. For the high- 
power condition in the flight tests, a total aileron deflec- 
tion of 5° right was required for lateral tri:o # Power . appar- 
ently did not affect the directional trim, inasmuch as no 
change in rudder setting was necessary in going from wind- 
milling power to high power. The rudder control was not 
noticeably affected "by power despite the proximity of the 
propeller to the vertical tails, 

; On the basis of the abrupt aileron deflections required 
for satisfactory control in the flight tests, the lateral 
control of the model was considered entirely adequate. In 
fact, considerably smaller aileron deflections were needed 
during the tests than are required for the average model 
flown in the f roe-flight tunnel. It should be pointed out, 
however, that the area of these plain ailerons is 8.8 per- 
cent of the wing area, v/hich is somewhat greater than the 
average aileron area of present-day airplanes. A reduction 
in this area could probably be made without r onder ing t he 
aileron control inadequate. 

The values of pfc/2T shov/n in table II are further 
proof of the adequacy of the aileron control of the model. 
With the assumed total aileron movement of 45° and the 
rudder fixed, the pb/2V values are well above the minimum 
required value of 0.070. Flap deflection caused a substan- 
tial improvement in the rolling velocities obtained with the 
ailerons. The slight reduction in aileron effectiveness 
during recoveries with flaps d#wn f which has been attributed 
to slight spiral instability, was not considered serious 
inasmuch as the pb/2V was still greater than for any flap- 
up condition. It can be seen from the balance results of 
figure IS that a rolling-moment coefficient of about 0.026 
was^provided by the equal up-and-down aileron deflection of 
±12-2° that was used in the tests to determine the aileron 
rolling veloc it ies. A C< value of 0.54 for the model with 

P 

flaps up is obtained by dividing this value of GU (0*036) by 
the corresponding pb/2V valu,, (0.048). 

Abrupt rudder deflections varying from ±10° to ±30° 
wore required for good control 'coord tnat ion depending'upon 
the particular flight condition. The larger rudder deflec- 
tions were used with the larger aileron deflections at low 
airspeeds. These rudder deflections wore only slightly 
largor than those required en the average convent ional" trac- 
tor mod-els tested in the free-flight tunnel, even though 
only the upper tail of the model *ras equipped with a rudder. 
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The short tail length of this design does not appear to 
necessitate large rudder areas or rudder deflections* In 
fact, smaller rudder areas and deflections might well "be 
possible inasmuch as no rudder trim is required for high- 
power flight. 

With the ailerons fixed, the rudder provided a fair 
amount of lateral control with the flaps up. Recovery from 
angles of "bank as high as 8° or 10° could be accomplished 
without excessive change in heading. With the flaps down, 
however, the rudder was virtually ineffective in rolling the 
model and could not pick up a low wing even at very small 
angles of bank. 

CONCLUDING- REMARKS 



The effects of power on the stability and control 
characteristics of the pusher model with the propeller be- 
hind the tail surfaces may be summarized as follows: 

1. Longitudinal stability and trim were only slightly 
affected by power, 

2. Power caused a subs tan t ial . inc reas e in directional 
stability but did not appreciably change the effective dihe- 
dral. 

3. The stalling characteristics vrere not affected by 
power. 

4. In power-on flights a small amount of aileron trim 
was required, but no rudder trim was necessary. 

5. The windmilling propeller- provided slight increases 
in longitudinal and directional stability. 

In spite of the short tail length that was necessary 
with this pusher-propeller arrangement, the general flight 
behavior of the model was considered excellent. A hori- 
zontal tail only slightly larger than normal provided satis- 
factory longitudinal stability; ample directional stability 
and control were afforded by vertical tails of normal size. 
These tests, therefore, indicated that the use of a short 
tail length did not materially increase the difficulty of 
obtaining good stability and control characteristics. 
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Cn the "basis of the free-flight tunnel tests, it 
appears that the undesirable effects of power on stability 
and control can "be eliminated "by placing a pusher propeller 
"behind conventional horizontal and vertical tail surfaces. 

•] 

~1 tangley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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TABLE I 

DIMENSIOHAL OHASAC 'TIKI STIC S 07 SAGA SUBMERaiD-ENG INE PUSHER 
AIRPLA17E A3 R2?RLSS2T rn ED 3Y 1/2D-0OA&I MODBL 
TESTED IN HA OA JREE-7L IC-HT HOTEL 

Engine ; 

Horsepower, rated * • » • 1100 

Propeller : 

Diameter, feet • • « 9 

Numuer of "blades 2 

Weight, pounds . . I 5800 

V/ i n g : 

Area, square feet 226 

Span, feet . . . # 3 3 

Aspect ratio 6.73 

Airfoil section - 

SOOt If AO A 67,1-116 

Dihedral treaic NAG A 67,1-116 

Tl P • • • • « ITACA 67,1-115 

Incidence - 

Boot | degrees t 3 

Dihedral break, degrees , 3 

Tip, degrees 1 

Dihedral of outer panel, degrees 6 

Sweephack, 50 percent chord line, degrees . • . . 0 

[Taper 'ratio 2 5«1 

Mean aerodynamic chord - 

Length, inches ♦ 74.50 

Location "back of leading edge of root chord, 

inches . . 12 7 5 

Hoot chord, inches 100 

Tip chord, inches # 40 

Wing loading, W/s, pounds per square foot 25.7 

Center of gravity: 

Back of leading edge of root chord, inches ♦ . . . 30.80 

Below reference line, inches 0,70 

Percent of mean aerodynamic chord 24.2 

Ratio of wing span to radius of gyration: 
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TABLE I - (Continued) 
DIMENSIONAL C HARAC TEH I SI I OS 0? NAG A SUBMERGED-ENGINE PUSHER 
AIRPLANE AS REPRESENTED BY 1/10-SCALE MODEL 
h TESTED IN NAG A JESS-FLIGHT TUNNEL 



Flaps : 
Type - 

Zap extensible, partial span 
Span - 

Feet 16.77 

Percent *b # t # c . . 43.5 

Percent c hord • . , , # . . , 35.0 

Aileron: 
Type ~ 

Plain 
Ar ea 

Square feet #•»••••'. ♦ 30 

Percent 3 8.8 

Span 

Feet 15.6 

Percent b . . 40 

Tail : 

Horizontal - 

Area (includes fuselage) «* 

Square feet 54 

Percent Z . « 24 

Center of gravity to elevator hinge line, feet 13.5 

Incidence , degree* . 0 

Span, feet , 13 

Elevator area, square feet . . . 16.2 

Above ^of erenee line, inches 13 

Vertical (tails 1 and Z) - 

Total area (not including fuselage) 

Square fast ; 16.16 

Percent S ? # 2 

Oentar of gravity to rudder hing^ line, feet. 13.72 

Span (each tail), feet . . . . 3.75 

Rudder area (tail 1), square foot 7.37 
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Figure 2.- Test section of NACA free-flight tunnel showing ' 

model mounted on a balance. 
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Figure 3— Drawing of ko' scale model of NACA submerged-erig/ne pusher airplane as tested in the free-flight tunnel. 
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Figure 4.- Side elevation of 1/10-scale model of NACA submerged-engine pusher airplane 

as originally tested in free-flight tunnel with small lower vertical tail 
(tail 2) and large upper vertical tail (tail 3). 
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Lift coefficient, C L 
Figure 6 -Power characteristics of NACA submerged - 
engine pusher model tested in NACA free -f tight tunnel. 
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Lift coefficient, Cj, 

7ir-ire 7.-. Effect of power and flaps on longitudinal stability and trim characteristics of BACA 

submerged- engine pusher model as determined by flight tests in the HACA frce-flisht 
frunnel« i t = 0°. 
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Figure a- Effect of power and flaps on aerodynamic characteristics 
of NACA submerged-enaine pusher model as determined by 
balance tests in the NACA free-fl/Qht tunnel, c =o°- d e = P°. 
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Lift coefficient, Cj, 

Fig-are 9.- Effect of power and flaps on longitudinal stability and trim characteristics of 1TACA 
submerged- engine pusher model as determined by "balance tests in the HAOA free-flight 
tunnel. i + = 0°; S 0 ■ 0°. 
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Vigors 10.- Effect of horizontal- tail incidence and conter-of-gravity location on longitudinal 

stability characteristics of &iGA sulamerged- engine pusher model tested in K&GA 
free-flight tunnel. Propeller off. 
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F/gu&e 12 - Effect of flops and power on laferal-stability characteristics of 
NACA submerged-engine pusher model tested in the NACA free -flight 
funnel. Vertical fa ib I and £ on. CBalancp itafaj 
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FtGum 13- Effect of vertical to:/ area and txwer on latera/sfati/ity 
characteristics of NACA submerged-engine pusher model os 
determined bu balance tests in the NACA free-flight tunnei. 
F/ods retracted; oc=e°. 



NACA Fig. 14 

<3 Q) Test points Condi t/on Flaps Power Vertical tail 

cv , — , A _ up propei/er off none 

^ Est/ mated pOJDtS B up w/ndmllling ncne 

— C up rated none 

Arrows show d/rect/on of stability D up iwindm/ll/ng ifupper) 

change caused Jby adct/tjon of E up w/ndmill/nq iandZ 

various factors. F up rated " land 2 

G down w/ndmi/i/nq land<£ 

Stability Poundar/es are H down rated ~ tand<B 
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F/gu&e 14.- Effect of f tip deflection, power, and vertical -till area 



on the lateral stability of the NACA submerged-engine pushier 
model tested in the free-/ light tunnel. C L = o. 75. 
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Figure 15- Aileron effectiveness of NACA submerged-engine 
pusher model as determined bu balance tests In the free ■ 
flight tunnel. Propeller wmdrnifling; flaps retracted. 




Figure /S.-A/Jeron effectiveness of NACA submerged-engine 
pusher model as determined bu balance tests in the free - 
flight tunnel. Propeller windrnifling; flaps retracted. 
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Fjgu&e /6—Pro$recx> of^taU on tipper surface of wing and lower surface of 
nonzontal tad of free -fight-tunnel mode2 of NACA 3Ubmerped-em/ne 
pucker airplane. . Haps dcxunjpropelhr w/ndrn/Uing. 



Uncalled 



z 
> 
o 
> 



Intermittently stalled 
wmstallecl 
[vv] Cross flout 



